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ANIMAL PROTEIN FREE MEDIA FOR CULTIVATION OF CELLS 

This application claims priority to U.S. Serial No. 60/394,243, filed July 9, 
2002, the entirety of which is incorporated by reference. 

FIELD OF THE INVENTION 

[01] The present invention relates to animal protein free cell culture media 
comprising a combination of a soy hydrolysate and a yeast hydrolysate. The 
invention also relates to animal protein free culture processes, wherein cells can be 
cultivated, propagated and passaged without animal proteins. These processes are 
useful in cultivating cells, such as recombinant cells or cells infected with a virus, and 
for producing biological products by cell culture processes. 

BACKGROUND OF THE INVENTION 

[02] For cultivation of cells, particularly eukaryotic cells, and more 
specifically mammalian cells, there is a constant need to use special culture media 
that make available the nutrient substances and growth nutrient substances that are 
required for efficient growth of the cells and for the production of the prote.ns or 
viruses that are desired. Cell culture media formulations have been supplemented 
with a range of additives, including undefined components like fetal calf serum 
(PCS) several animal-derived proteins and/or protein hydrolysates of bovine ong.n. 

[03] in general, serum or serum derived substances, such as album.n, 
transferrin or insulin, may contain unwanted agents that can contaminate the 
cultures and the biological products obtained therefrom. Furthermore, human serum 
derived additives have to be tested for all known viruses, including hepatitis and HIV, 
that can be transmitted by serum. Moreover, bovine serum and products denved 
therefrom, for example trypsin, bear the risk of BSE-contamination. In addition, all 
serum-derived products can be contaminated by unknown agents. In the case of 
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serum or protein additives that are derived from human or other animal sources in 
cell culture, numerous problems (e.g., the varying quality and composition of 
different batches and the risk of contamination with mycoplasma, viruses or BSE 
agents) exist, particularly if the cells are used for production of medicinal agents or 
vaccines for human administration. 

[04] Therefore, many attempts have been made to provide efficient host 
systems and cultivation conditions that do not require serum or other animal protein 
compounds. Simple serum free medium typically includes basal medium, vitamins, 
amino acids, organic and inorganic salts, and perhaps additional components to 
make the medium nutritionally complex. Such media, however, often are nutritionally 
insufficient and must be supplemented with animal-derived protein supplements or 
recombinant versions of proteins used in cell culture, such as insulin, insulin-like 
growth factor or other growth factors. 

[05] To avoid the use of animal protein supplements in serum free cell 
culture medium, several attempts have been made to provide cell culture media that 
are completely free of proteins. 

[06] Cinatl et a/., Cell Biology International 17:885-895 (1993) disclose the 
development of a media (PFK-1) specific for continuous propagation of VERO cells 
on a polyvinyl formal (PVF) culture surface. 

[07] WO 96/15231 discloses serum-free medium composed of a synthetic 
minimal essential medium and yeast extract for propagation of vertebrate cells and 
virus production process. 

[08] A medium formulation composed of a basal cell culture medium 
comprising a rice peptide and an extract of yeast or an enzymatic digest thereof, 
and/or a plant lipid for growth of animal cells is disclosed in WO 98/15614. 

[09] A medium comprising purified soy hydrolysate for the cultivation of 
recombinant cells is disclosed in WO 01/23527. 

[10] WO 00/03000 discloses a medium that comprises a soy hydrolysate 
and a yeast extract, but also requires the presence of recombinant forms of animal 
proteins, such as growth factors. 
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[11] For efficient production of biological products, such as viruses or 
recombinant proteins, it is important that optimal cell density is reached to obtain 
maximal product yield. 

[12] Therefore, a current need exists to increase growth, metabolic activity 
and density of cells, and to provide optimal cell culture medium devoid of animal 
proteins for production of biological products, such as those used as medicinals or 
vaccines in humans. Furthermore, the down-stream processing, e.g. purification of 
the desired product from culture medium can be more cost-effective and time- 
efficient if animal proteins are not present in the medium. Additionally, unwanted 
immunogenic animal proteins may induce deleterious immunological reactions, 
which are avoided with practice of the present invention. 

BRIEF SUMMARY OF THE INVENTION 

[13] It is an object of the present invention to provide animal protein free 
culture media. In accomplishing this and other objects, there is provided, in 
accordance with one aspect of the invention, an animal protein free cell culture 
medium comprising soy hydrolysate and yeast hydrolysate. The soy hydrolysate can 
be present in a concentration of at least 0.05% (w/v) and yeast hydrolysate is 
present in a concentration of at least 0.05% (w/v). Optionally, the soy hydrolysate 
can be present in a concentration of less than 1 .0% (w/v) and yeast hydrolysate can 
be present in a concentration of less than 0.3% (w/v). Optionally, the soy 
hydrolysate can be present in a concentration of between about 0.2% (w/v) to about 
0.6% (w/v) and yeast hydrolysate can be present in a concentration of between 
about 0.05% (w/v) to about 0.2 % (w/v). Optionally, the soy hydrolysate can be 
present in a concentration of between about 0.25% (w/v) to about 0.35% (w/v) and 
the yeast hydrolysate can be present in a concentration of between about 0.05% 
(w/v) to about 0.15% (w/v). Optionally, the soy hydrolysate can be present in a 
concentration of about 0.3% (w/v) and the yeast hydrolysate can be present in a 
concentration of about 0.1% (w/v). Optionally, the medium comprises 3 parts by 
weight soy hydrolysate to 1 part by weight yeast hydrolysate. The yeast hydrolysate 
can be a ultrafiltrated purified yeast hydrolysate, wherein at least 40% of said yeast 
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hydrolysate has a molecular weight of less than or equal to 500 Daltons. Similarly, 
the soy hydrolysate can be a ultrafiltrated purified soy hydrolysate, wherein at least 
40% of said soy hydrolysate has a molecular weight of less than or equal to 500 
Daltons. 

[14] The invention also provides methods of cultivating cultures of cells 
comprising providing a medium comprising soy hydrolysate at a concentration of 
about 0.05% (w/v) to about 1% (w/v) and yeast hydrolysate at a concentration of 
about 0.05% (w/v) to about 0.3% (w/v); and propagating the cells in the medium to 
form the cell culture. Other concentrations of hydrolysates, as exemplified above, 
also can be employed according to the invention. The cells can be animal cells, 
such as insect cells, avian cells, mammalian cells, stem cells, and preferably those 
cells that are used for in vitro virus production. The cells also can be recombinant 
cells. Exemplary cells include those selected from the group of cells consisting of 
BSC-1 cells, LLC-MK cells, CV-1 cells, COS-cells, VERO cells, MDBK cells, MDCK 
cells, CRFK cells, RAF cells, RK-cells, TCMK-1 cells, LLC-PK cells, PK15 cells, LLC- 
RK cells, MDOK cells, BHK-21 cells, CHO cells, NS-1 cells MRC-5 cells, WI-38 cells, 
BHK cells, 293 cells and RK-cells. 

[15] The invention also provides an animal protein free confluent cell culture 
process, comprising: providing an animal protein free medium comprising soy 
hydrolysate and yeast hydrolysate; growing the cells in the medium, and passaging 
and sub-cultivating the cells grown in the medium while in contact with a non-animal- 
derived protease in order to obtain a confluent cell culture. The cells can be animal 
cells, recombinant cells and/or cells infected with a virus. The media characteristics 
and cell types set forth herein are applicable here as well. 

[16] Moreover, the invention provides a culture of cells cultivated in an 
animal protein free medium, wherein the medium comprises soy hydrolysate at a 
concentration of about 0.05% (w/v) to about 1% (w/v) and yeast hydrolysate at a 
concentration of about 0.05% (w/v) to about 0.3% (w/v). Other concentrations of 
hydrolysates, as exemplified above, also can be employed according to the 
invention. The cells can be animal cells, recombinant cells and/or cells infected with 
a virus. The media characteristics and cell types set forth herein are applicable here 
as well. 
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[17] Additionally, the invention provides methods for producing viruses, 
comprising: providing a culture of cells that have been grown in an animal protein 
free medium comprising soy hydrolysate and a yeast hydrolysate; infecting the cells 
with a virus; and incubating the infected cells to propagate the virus. The cells can 
be animal cells and/or recombinant cells and, in particular, mammalian cells. The 
media characteristics and cell types set forth herein are applicable here as well. The 
viruses to be produced on the cultured cells may be chosen from the range of 
viruses known to infect the cultured cell type. For instance, when utilizing a 
mammalian cell culture, viruses may be chosen from the genera of 
orthomyxoviruses, paramyxoviruses, reoviruses, picornaviruses, flaviviruses, 
arenaviruses, herpesviruses, poxviruses, coronaviruses and adenoviruses. The virus 
used may be a wild-type virus, an attenuated virus, a reassortant virus, or a 
recombinant virus. In addition, instead of actual virions being used to infect the cells 
with a virus, an infectious nucleic acid clone may be utilized according to infectious 
clone transfection methods known to those of skill in the field of virology. 

[18] The invention further provides methods for producing poxviruses 
(including vaccinia virus), comprising: providing a culture of cells that have been 
grown in an animal protein free medium comprising soy hydrolysate and yeast 
hydrolysate; infecting the cells with poxvirus; and incubating the infected cells to 
propagate poxvirus. The cells can be mammalian cells and/or recombinant cells. 
The media characteristics and cell types set forth herein are applicable here as well. 

[19] Furthermore, the invention further provides methods for producing 
coronaviruses (including the Severe Acute Respiratory Syndrome associated 
coronavirus), comprising: providing a culture of cells that have been grown in an 
animal protein free medium comprising soy hydrolysate and yeast hydrolysate; 
infecting the cells with coronavirus; and incubating the infected cells to propagate 
coronavirus. The cells can be mammalian cells and/or recombinant cells. The 
media characteristics and cell types set forth herein are applicable here as well. 

[20] Furthermore, the invention provides methods for producing 
orthomyxoviruses, comprising: providing a culture of cells that have been grown in 
an animal protein free medium comprising soy hydrolysate and yeast hydrolysate; 
infecting the cells with orthomyxovirus; and incubating the infected cells to propagate 
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orthomyxovirus. The orthomyxovirus can be Influenza A, B or C virus. The cells can 
be mammalian cells and/or recombinant cells. The media characteristics and cell 
types set forth herein are applicable here as well. 

[21] The invention additionally provides methods for producing Ross River 
virus, comprising providing a culture of cells that have been grown in an animal 
protein free medium comprising soy hydrolysate and yeast hydrolysate ; infecting the 
cells with Ross River virus; and incubating the infected cells to propagate Ross River 
virus. The cells can be mammalian cells and/or recombinant cells. The media 
characteristics and cell types set forth herein are applicable here as well. 

[22] The invention also provides methods for producing Flavivirus, 
comprising providing a culture of cells that have been grown in an animal protein free 
medium comprising soy hydrolysate and yeast hydrolysate; infecting the cells with 
Flavivirus; and incubating the infected cells to propagate Flavivirus. The Flavivirus 
can be selected from the group consisting of Yellow fever virus, and chimeric viruses 
derived therefrom, Japanese encephalitis virus, Tick-borne encephalitis virus, West 
nile Virus and Hepatitis C virus. The cells can be animal cells and/or recombinant 
cells. The media characteristics and cell types set forth herein are applicable here 
as well. 

[23] The invention further provides methods of producing immunogenic 
compositions comprising a viruses or a virus antigens, wherein the method 
comprises providing a culture of cells that have been grown in an animal protein free 
medium comprising soy hydrolysate and yeast hydrolysate; infecting the cells with 
the virus; incubating the infected cells to propagate the virus; harvesting the virus or 
virus antigen produced; preparing an immunogenic composition from the harvested 
virus or virus antigen. The cells can be animal cells and/or recombinant cells. The 
media characteristics and cell types set forth herein are applicable here as well. The 
harvested virus or virus antigen can be subjected to purification. 

[24] The invention also provides methods of producing immunogenic 
compositions comprising a virus or a virus antigen, wherein the method comprises: 
providing a culture of mammalian cells, wherein the cells are selected from the group 
of monkey kidney cells, bovine kidney cells, dog kidney cells, pig kidney cells, mouse 
kidney cells, rat kidney cells, sheep kidney cells, hamster kidney cells and human 
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cells that have been grown in an animal protein free culture medium comprising a 
soy hydrolysate and a yeast hydrolysate; infecting the cells with a virus selected from 
the group of orthomyxoviruses, paramyxoviruses, reoviruses, picornaviruses, 
flaviviruses, arenaviruses, herpesviruses, poxviruses, coronaviruses and 
adenoviruses; incubating the culture of cells to propagate the virus; harvesting the 
virus or virus antigen so produced; and preparing an immunogenic composition from 
the harvested virus or virus antigen. 

[25] Additionally, the invention provides cultures of cells infected with 
orthomyxovirus, poxvirus, paramyxovirus, reovirus, picornavirus, flavivirus, 
arenavirus, herpesvirus, poxvirus or adenovirus, wherein the cells are cultivated in 
an animal protein free medium, wherein the medium comprises soy hydrolysate and 
yeast hydrolysate. The soy hydrolysate can be a concentration of about 0.05% (w/v) 
to about 1% (w/v) and the yeast hydrolysate can be at a concentration of about 
0.05% (w/v) to about 0.3% (w/v). Other concentrations of hydrolysates, as 
exemplified above, also can be employed according to the invention. 

[26] The invention further provides preparations of orthomyxovirus, 
paramyxovirus, reovirus, picornavirus, flavivirus, arenavirus, herpesvirus, poxvirus, 
coronavirus or adenovirus that are free of animal proteins, including recombinantly- 
produced versions thereof, from the media, wherein the preparation is obtainable by 
cultivating cells infected with influenza virus in an animal protein free medium, 
wherein the medium comprises soy hydrolysate and yeast hydrolysate. The soy 
hydrolysate can be a concentration of about 0.05% (w/v) to about 1% (w/v) and the 
yeast hydrolysate can be at a concentration of about 0.05% (w/v) to about 0.3% 
(w/v). Other concentrations of hydrolysates, as exemplified above, also can be 
employed according to the invention. These viral preparations are suitable for use to 
make viral antigen and vaccines after further processing. 

[27] These and other aspects of the invention will become apparent to the 
skilled person in view of the explanation and data set forth below. 

DETAILED DESCRIPTION OF THE INVENTION 

[28] The term "animal protein free medium," in its various grammatical 

forms, refers to a medium that is not supplemented with proteins and protein 
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components from higher multicellular non-plant eukaryotes (that is, vertebrates), that 
possess the secondary, tertiary and quaternary structures characteristic of the 
proteins as they occur in nature. Typical proteins that are avoided are those found in 
serum and serum derived substances, such as albumin, transferrin, insulin and other 
growth factors. Recombinantly-produced versions of animal proteins, which can 
contain immunogenic bacterial components, also are avoided according to the 
invention, and are not present in the animal protein free medium of the invention. 
Animal proteins and protein components are to be distinguished from non-animal 
proteins, small polypeptides and oligopeptides obtainable from plants (usually about 
10-30 amino acids in length), such as the soy bean, and lower eukaryotes, such as 
yeast. Of course, once the media is contacted or inoculated with the cells to be 
propagated, the media will contain animal proteins shedded or secreted by those 
cells, including any recombinant proteins expressed by genetically modified cells if 
such cells are cultivated. Thus, the term animal protein free medium, and biological 
materials and preparations produced therewith, is not to be construed to require the 
absence of proteins shedded or secreted by cells propagated in the media, but 
rather refers to a lack of direct supplementation of media with animal proteins and 
protein components obtained from animal sources or the like produced 
recombinantly. 

[29] The term "basal medium," in its various grammatical forms, is a 
synthetic medium, such as DMEM, HAM's F12, Medium 199 or RPMI, or 
combinations thereof, and others that are known from the literature or are 
commercially available. In accordance with the invention, every synthetic medium, 
that does not contain animal proteins, can be used in combination with the soy 
hydrolysate and yeast hydrolysate combination. The basal medium can comprise a 
number of ingredients, including amino acids, vitamins, organic and inorganic salts, 
sources of carbohydrate, each ingredient being present in an amount which supports 
the cultivation of a cell in vitro. For example, DMEM/HAM's F12 (1:1) medium as 
basal medium can be used. The medium may contain auxiliary substances, such as 
buffer substances like sodium bicarbonate, oxidation stabilizers, stabilizers to 
counteract mechanical stress, or protease inhibitors. If required, a nonionic 
surfactant, such as polypropylene glycol (PLURONIC F-61, PLURONIC F-68, 
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SYNPERONIC F-68, PLURONIC F-71 or PLURONIC F-108) can be added to the 
medium as a defoaming agent. These agents are generally used to protect cells 
from the negative effects of aeration since, without an addition of a surfactant, the 
ascending and bursting air bubbles can lead to damage of those cells that are 
located on the surface of these air bubbles ("sparging"). The quantity of nonionic 
surfactant is preferably between about 0.05 and about 10 g/L, typically between 
about 0.1 and about 5 g/L. In addition, the medium also can contain cyclodextrin or 
derivatives thereof, typically between about 0.001 g/L and about 1 g/L. 

[30] According to the invention, the medium comprises soy hydrolysate and 
yeast hydrolysate, which can be added to a basal medium. The term "hydrolysate" 
includes an enzymatic digest of soy peptone or yeast extract. The hydrolysate can 
be obtained from a plurality of soy peptone or yeast extract preparations, 
respectively, which can be further enzymatically digested (for example, by papain), 
and/or formed by autolysis, thermolysis and/or plasmolysis. Hydrolysates also may 
be obtained commercially, such as Hy-Soy, Hy- Yeast 412 and Hi-Yeast 444, from 
sources such as Quest International, Norwich, New York, OrganoTechnie, S.A. 
France; or Deutsche Hefewerke GmbH, Germany. Sources of yeast extracts also 
are disclosed in WO 98/15614. Sources of yeast extracts and soy hydrolysates also 
are disclosed in WO 00/03000. 

[31] The hydrolysates used in media of the invention are preferably purified 
from a crude fraction, because impurities which could interfere with efficient 
cultivation are preferably eliminated during this purification, thereby improving the 
consistency of the hydrolysate. Purification can be by ultrafiltration or Sephadex 
chromatography, for example, with Sephadex G25 or Sephadex G10 or equivalent 
materials, ion-exchange chromatography, affinity chromatography, size exclusion 
chromatography or "reversed-phase" chromatography. These processes are known 
in the field. Using these methods, fractions can be selected which contain soy or 
yeast hydrolysate of defined molecular weight, preferably <1000 Daltons, more 
preferably <500 Daltons, still more preferably <350 Daltons. At least 90% of the 
hydrolysate is preferably of a molecular weight of <1000 Dalton. The average 
molecular weights of the soy and yeast hydrolysates are preferably between about 
220 and 375 daltons. The pH value of the soy hydrolysate and the yeast hydrolysate 
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should be in the range between about 6.5 and 7.5. The total nitrogen content 
should be about between 8 and 11%, preferably, between 9.0 and 10.0% and the 
ash content <18%. An advantageous hydrolysate is characterized by the feature 
that it has a free amino acids content of between about 5 and 30%. Endotoxin 
content, if any, should be <500 U/g. 

[32] One medium according to the invention has the following constituency: 
synthetic minimal medium (DMEM/HAM's F12 (1:1) medium (1-25 g/L), soy 
hydrolysate (0.5-10 g/L) and yeast hydrolysate (0.5-3g/L), L-glutamine (0.05-1 g/L), 
NaHC0 3 (0.1-10 g/L). The pH of the medium is between pH 6.8 and 7.6, preferably 
between pH 7.0 and 7.3. 

[33] As is apparent to the skilled person, the term "about" in the context of 
numerical values and ranges refers to values or ranges that approximate or are 
close to the recited values or ranges such that the invention can perform as 
intended, such as having promoting a desired degree of cell growth, as is apparent 
from the teachings contained herein, and applies to all values. Thus, this term 
encompasses values beyond those resulting from systematic error. 

[34] It has been surprisingly found that an animal protein free basal medium 
supplemented with yeast hydrolysate and soy hydrolysate within the range according 
to the present invention is more favorable for cell growth rate, cell metabolic activity 
and final cell density as compared to the medias described in the prior art. This was 
even more surprising in view of the teaching of WO 98/15614 showing that higher 
plant peptide concentrations are less optimal. With an animal protein free medium of 
the invention comprising yeast hydrolysate and soy hydrolysate as described herein, 
cells showed higher growth rate, higher final cell density of the biomass and 
increased metabolic activity (expressed in oxygen consumption in % per min) 
compared to medium either comprising soy hydrolysate or yeast hydrolysate alone, 
even if the final concentration of yeast hydrolysate or soy hydrolysate solely added to 
the medium is equivalent to the sum of the combined hydrolysate concentration. For 
example, a final concentration of about 0.4% (w/v) yeast hydrolysate in the medium 
alone had an inhibitory effect on cell growth and cell density. A medium comprising 
0.4% (w/v) or higher concentrations of soy hydrolysate reached no higher cell 
density than a medium comprising 0.3% (w/v). However, a medium comprising a 
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combination of soy hydrolysate and yeast hydrolysate in a final total hydrolysate 
concentration of 0.4% (w/v) showed a significant increase in cell metabolic activity, 
cell growth and final cell density. 

[35] In accordance with the invention, the sum of the amount of the soy and 
yeast hydrolysate in the medium should be between about 0.2 % (w/v) and about 
0.6% (w/v) with a higher ratio of soy hydrolysate in the medium compared to yeast 
hydrolysate. An optimal ratio between soy and yeast hydrolysate should be about 3 : 
1 (soy / yeast), respectively. 

[36] The media of the invention as described herein is in particular useful to 
cultivate cells. Within the scope of the invention, the term "cells" means a generic 
term and encompass the cultivation of individual cells, tissues, organs, insect cells, 
avian cells, mammalian cells, primary cells, continuous cell lines, stem cells and/or 
genetically engineered cells, such as recombinant cells expressing a hetereologous 
polypeptide or protein. Recombinant cells include, for example, CHO cells or BHK 
cells expressing heterologous polypeptides or proteins, such as a growth factor or a 
blood factor. Cells often used for the propagation of virus include VERO ceils and 
CV-1 cells. 

[37] Mammalian cells suitable for cultivation in the cell culture medium of 
the present invention include those of human origin, which may be primary cells 
derived from a tissue sample, diploid cell strains, transformed cells or established 
cell lines. Mammalian cells can include human and non-human cells alike. 
Mammalian cells of non-human origin can be monkey kidney cells, bovine kidney 
cells, dog kidney cells, pig kidney cells, rabbit kidney cells, mouse kidney cells, rat 
kidney cells, sheep kidney cells, hamster kidney cells, Chinese hamster ovarian cells 
or an animal cell derived from any tissue. In particular, mammalian cells that can 
cultivated in the culture medium can be BSC-1 cells, LLC-MK cells, CV-1 cells, COS- 
cells, COS-1 cells, COS-3 cells, COS-7 cells, VERO cells, MDBK cells, MDCK cells, 
CRFK cells, RAF cells, RK-cells, TCMK-1 cells, LLC-PK cells, PK15 cells, LLC-RK 
cells, MDOK cells, BHK-21 cells, CHO cells, 293 cells, NS-1 cells MRC-5 cells, Wl- 
38 cells, BHK cells, 293 cells and RK-cells. Examples or recombinant cells include 
CHO cells expressing Factor VIII, FN, FIX, FX, vWF, for example, all of which are 
known to the person skilled in the art. 
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[38] The terms "continuous cells" or "continuous cell line" (CCL), in their 
various grammatical forms, mean cultured cells that replicate indefinitely and are 
capable of growing in suspension culture or large scale cultivation in bioreactor. The 
unrestricted growth of CCLs permits long-term cultivation from a standardized cell 
substrate and low costs. Mammalian cell lines can be selected from the group of 
CHO cells, COS cells, VERO cells, LLK-MK2 cells, NS-1 cells, MDBK cells, MDCK 
cells, MRC-5 cells, WI-38 cells, BHK cells, CV-1 cells, rabbit kidney (RK) cells and 
other cell lines as disclosed by Butler et al. BIOS Scientific Publisher p. 1-24 (1992), 
which is incorporated herein by reference. The CCLs are preferably tested for 
absence of adventitious agents, such as bacteria, fungi, mycoplasma, protozoans 
and viruses. 

[39] The term "cell culture," in its various grammatical forms, refers to cells 
grown in suspension, roller bottles, flasks and the like. Large scale approaches, 
such as bioreactors, including adherent cells growing attached to microcarriers in 
stirred fermentors, also are included. Moreover, it is possible to not only to culture 
surface-dependent cells, but also to use the suspension culture techniques with the 
inventive media. If the cells are grown on microcarriers, the microcarrier can be 
selected from the group of microcarriers based on dextran, collagen, plastic, gelatin 
and cellulose and others as described in Butler, Spier & Griffiths, Animal cell 
Biotechnology 3:283-303 (1988). Porous carriers, such as e.g. Cytoline® or 
Cytopore®, as well as dextran-based carriers, such as DEAE-dextran (Cytodex 1®), 
quaternary amine-coated dextran (Cytodex 2®) or gelatin-based carriers, such as 
gelatin-coated dextran (Cytodex 3®) are suitable. These carriers can be obtained 
from Pharmacia. 

[40] The cells are preferably grown from the ampoule to the biomass in the 
animal protein free media and kept under culture medium conditions during cell 
culture growth and product production process. Cells that have already been 
adapted to the media are preferably used. It has been found that not only increased 
yields be achieved with such pre-adapted cells, but their stability for cultivation also 
is clearly improved by the use of the medium in accordance with the invention. 

[41] The term "cultivation," in its various grammatical forms, refers to the 
maintenance of the cells in vitro under conditions permissive for growth and 
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continued viability. Mammalian cells are typically cultivated in a cell incubator at 
about 37°C, with the culture medium having an optimal pH in the range of about 6.8 
to 7.6, preferably between 7.0 and 7.3. Cells in batch culture might have a complete 
medium change about every 2 to 3 days, or more or less frequently, if required. 
Cells in perfusion culture (e.g. in bioreactor or fermenter) might have a fresh media 
change on a continuously recirculating basis. Cultivation approaches can include, 
depending on context and need, the sub-cultivation, passaging and propagation of 
the cells. 

[42] The invention thus provides methods for cultivating cells comprising the 
steps of growing cells in a basal medium comprising yeast hydrolysate and soy 
hydrolysate. Preferably the cells are grown in a medium comprising soy hydrolysate 
in a concentration of 0.05% (w/v) to 1.0 % (w/v) and yeast hydrolysate in a 
concentration of 0.05% (w/v) to 0.3 % (w/v). According to this aspect of the invention, 
the cells are grown from small scale to large scale biomass in animal protein free 
media of the invention. The passaging and subcultivation of the cells to obtain a cell 
culture biomass is preferably performed with a non-animal-derived protease, such as 
Pronase or a purified fraction thereof. One protease is the purified trypsin-like 
fraction of Streptomyces griseus (SGT) as described in U.S. application serial no. 
10/006,223, the entirety of which is hereby incorporated by reference. To avoid 
animal-derived material during cultivation of a cell culture, in particular during 
cultivation of adherent cells that grow attached to a carrier, the carrier is preferably a 
synthetic carrier, or a microcarrier coated with a non-animal derived material. For 
example a DEAE-dextran or quaternary amine-coated dextran microcarrier. 

[43] The invention also provides an animal protein free cell culture process, 
wherein cells are cultivated, sub-cultivated and passaged under conditions devoid of 
animal proteins. The process comprising the steps of providing an animal protein 
free medium comprising yeast hydrolysate and soy hydrolysate, growing cells in said 
medium, passaging and sub-cultivating said cells grown in that medium using a non- 
animal-derived protease, further growing the sub-cultivated cells to reach a confluent 
cell density and repeating the steps of sub-cultivation and growth of cells until the 
final cell culture biomass desired is reached. The process includes the growth of the 
cells in animal protein free medium, sub-cultivating and passaging the cells using a 
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non-animal derived protease, preferably a purified trypsin-like fraction of 
Streptomyces griseus (SGT). During cultivation of adherent cells that grow attached 
to a carrier, the carrier is preferably a synthetic carrier, or a microcarrier coated with 
a non-animal derived material. By the combination of these steps the use of animal 
proteins can be avoided. 

[44] Cells suitable for growth in the animal protein free media of the present 
invention include, but are not limited to, BSC-1 cells, LLC-MK cells, CV-1 cells, 
VERO cells, MDBK cells, MDCK cells, CRFK cells, RAF cells, TCMK-1 cells, LLC- 
PK cells, PK15 cells, LLC-RK cells, MDOK cells, RK-cells, BHK-21 cells, WI-38 cells, 
293 cells and/or MRC-5 cells. These cells can be infected with viruses, such as an 
orthomyxovirus, paramyxovirus, reovirus, picornavirus, flavivirus, arenavirus, 
herpesvirus, poxvirus, coronavirus, adenovirus and other viruses known to the skilled 
person. More specifically, the virus used to infect the cell culture can be Influenza 
virus, vaccinia virus and variola, fowlpox virus, cowpox virus, tick-borne encephalitis 
virus (TBE), poliovirus, Hepatitis A Virus, Ross River Virus, Yellow fever virus and a 
chimeric virus derived thereof, West nile virus, Japanese encephalitis virus, rubella 
virus, hepatitis C virus (HCV), mumps virus, measles virus, respiratory syncytial virus 
(RSV), herpes simplex virus (HSV), cytomegalovirus (CMV), Epstein-Barr virus 
(EBV), rotavirus, foot and mouth disease virus (FMDV). It is within the knowledge of 
the skilled in the art to select the virus and the cells for which the virus is can be 
propagated. The cells can be cultivated in the media of the invention and grown to 
reach an optimal cell density prior infection with the respective virus. Surprisingly, a 
cell culture grown and propagated in an animal protein free medium of the invention 
shows a significant increase of virus yield productivity. Examples of different viruses 
propagated on cells cultivated and grown of the medium of the invention have shown 
a 2 to 5 fold increase of virus yield compared to a medium comprising solely yeast 
extract. This makes the system more favorable for cell growth and virus production 
processes than the those described in the prior art. 

[45] According to an embodiment of the invention, the cells are VERO cells 
and the virus is selected from the group of Influenza Virus, TBE-Virus, vaccinia virus, 
poliovirus, Hepatitis A Virus, Ross River Virus, Yellow fever virus and a chimeric 
virus derived thereof, West nile virus, Japanese encephalitis virus, rubella virus, 
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HCV, mumps virus, measles virus, respiratory syncytial virus, HSV, CMV, EBV, 
rotavirus. Other viruses known to grow in VERO cells also can be used. 

[46] The invention also provides for production of vaccinia virus by providing 
a culture of cells grown and cultivated in an animal protein free medium comprising 
yeast hydrolysate and soy hydrolysate, infecting said cells with a vaccinia virus and 
incubating the culture of cells to propagate the vaccinia virus. Preferably, the cells 
are grown in a medium comprising soy hydrolysate in a concentration of about 
0.05% (w/v) to about 1 .0% (w/v) and yeast hydrolysate concentration of about 0.05% 
(w/v) to about 0.3% (w/v). According to this aspect of the invention the cells can 
VERO cells, CV-1 cells, RK-cells, BHK-21 cells, MRC-5 cells, or any cell to which 
vaccinia virus can be grown. The vaccinia virus can be a naturally-occurring vaccinia 
virus, smallpox virus vaccine strain, virulent vaccinia strains, attenuated vaccinia 
strains and a recombinant vaccinia viruses. 

[47] Also provided is production of orthomyxovirus by providing a culture of 
cells cultivated and grown in an animal protein free medium made from a basal 
medium comprising yeast hydrolysate and soy hydrolysate, infecting the cells with a 
orthomyxovirus and incubating the culture of cells to propagate the orthomyxovirus. 
Preferably, the cells are grown in a medium comprising soy hydrolysate in a 
concentration of about 0.05% (w/v) to about 1 .0 % (w/v) and yeast hydrolysate in a 
concentration of about 0.05% (w/v) to about 0.3 % (w/v). The cells can be BSC-1 
cells, CV-1 cells, VERO cells, MDBK cells, MDCK cells, MDOK cells, BHK-21 cells, 
WI-38 cells, MRC-5 cells or any cell to which orthomyxovirus can be propagated. 
The orthomyxovirus can be a Influenza virus, such as Influenza A, B or C. 

[48] There also is provided production of Ross River Virus by providing a 
culture of cells grown and cultivated in an animal protein free medium made from a 
basal medium comprising yeast hydrolysate and soy hydrolysate, infecting said cells 
with a Ross River Virus and incubating the culture of cells to propagate the Ross 
River Virus. Preferably, the cells are grown in a medium comprising soy hydrolysate 
at a concentration of about 0.05% (w/v) to about 1.0 % (w/v) and yeast hydrolysate 
at a concentration of about 0.05% (w/v) to about 0.3 % (w/v). The cells can be BSC- 
1 cells, CV-1 cells, VERO cells, MDBK cells, MDCK cells, CRFK cells, BHK-21 cells, 
WI-38 cells, MRC-5 cells or any cell to which Ross River Virus can be propagated. 
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[49] Additionally, there is provided production of Flavivirus by providing a 
culture of cells grown and cultivated on an animal protein free medium made from a 
basal medium comprising yeast hydrolysate and soy hydrolysate, infecting the cells 
with a Flavivirus and incubating the culture of cells to propagate the Flavivirus. 
Preferably, the cells are grown in a medium comprising soy hydrolysate in a 
concentration of about 0.05% (w/v) to about 1 .0 % (w/v) and yeast hydrolysate in a 
concentration of about 0.05% (w/v) to about 0.3 % (w/v). The Flavivirus can be a 
Yellow fever virus, or a recombinant of chimeric derivatives thereof, Japanese 
encephalitis virus, Tick-borne encephalitis virus, West nile Virus, and Hepatitis C 
virus. The cells types identified herein can be used for the propagation of flavivirus. 

[50] There is provided production of Picornavirus by providing a culture of 
cells grown and cultivated on an animal protein free medium made from a basal 
medium comprising yeast hydrolysate and soy hydrolysate, infecting the cells with a 
Picornavirus and incubating the culture of cells to propagate the Picornavirus. 
Preferably, the cells are grown in a medium comprising soy hydrolysate in a 
concentration of about 0.05% (w/v) to about 1 .0 % (w/v) and yeast hydrolysate in a 
concentration of about 0.05% (w/v) to about 0.3 % (w/v). The Picornavirus can be a 
poliovirus or hepatitis A virus. The cells types identified herein can be used for the 
propagation of Picornavirus. 

[51] The invention also provides methods of producing immunogenic 
compositions comprising a virus or a virus antigen comprising the steps of providing 
a culture of animal cells, wherein the cells are selected from the group of monkey 
kidney cells, bovine kidney cells, dog kidney cells, pig kidney cells, mouse kidney 
cells, rat kidney cells, sheep kidney cells, rabbit kidney cells, hamster kidney cells 
and human cells that have been grown the a medium of the invention; infecting the 
cells with a virus selected from the group of orthomyxoviruses, paramyxoviruses, 
reoviruses, picornaviruses, flaviviruses, arenaviruses, herpesviruses, poxviruses, 
coronaviruses and adenoviruses, incubating the culture of cells to propagate the 
virus, harvesting the virus produced and preparing an immunogenic composition 
from the virus harvested. The virus produced and harvested can be purified with a 
method known in the art, such as ion exchange or gel filtration. 
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[52] Having now generally described this invention, the same will be further 
understood by reference to the following examples which are provided herein for 
purposes of illustration and are not limiting in any manner. 

EXAMPLES: 

EXAMPLE 1 

Formulation of the culture medium 

[53] Animal protein free medium is prepared with a basal DMEM/ HAM's 
F12 (1:1) medium that is supplemented with inorganic salts, amino acids, vitamins 
and other components. Also added are sodium bicarbonate (1-3 g/ L), L-Glutamine 
(0.1 to 1 g /L) and varying concentrations of soy hydrolysate (Quest Technologies, 
New York) or yeast hydrolysate (Deutsche Hefewerke, Germany) or combinations 
thereof. 
EXAMPLE 2 

Propagation of cells in animal protein free medium 
VERO cells in animal protein free medium 

[54] VERO cells (African Green Monkey, Cercopthecus aethiops, kidney) 
were used as cell line. The cells have been obtained from the American Type Cell 
Culture Collection, Rockville, Maryland at a passage number 124 under the 
designation ATCC CCL 81. The cells were grown in various media as described 
herein. 

[55] Cells of the working cell bank were expanded in T-flasks and roller 
bottles and microcarrier systems with a split ratio 1 :6 -1 :8. The cells were grown at 
37°C for 6-8 days. The culture conditions of oxygen saturation 20%+/- 1 0% and pH 
7.1 +/- 0.35 were kept constant. At the end of biomass production when cell have 
reached confluence growth, the cell density and oxygen consumption rate was 
determined. 

[56] The cell number of the biomass of the cell culture at the end of biomass 
production was determined either by trypsinization of the cells and counting with a 
CASY® cell counter (method A) as described by Scharfe et al. Biotechnologie in 
LaborPraxis 10:1096-1 103 1988) or by citric acid and crystal violet treatment 
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followed by counting with a haemocytometer (method B) as described by Sanford et 
a/., J. Natl Cancer Inst 11:773-795 (1951). 

[57] VERO cells were cultivated and grown in animal protein free medium 
comprising yeast hydrolysate in a concentration of 0.05%, 0.1%, 0.2%, 0.3% or 
0.4%, 0.5% (w/v), or soy hydrolysate in a concentration of 0.05%, 0.1%, 0.2%, 0.3% 
or 0.4%, 0.5% (w/v), or soy hydrolysate and yeast hydrolysate in a concentration of 
yeast to soy (yeast / soy) of 0.05% / 0.05% (w/v), 0.1% / 0.2% (w/v), 0.1% / 0.3% 
(w/v), 0.2% / 0.2% (w/v), 0.3% / 0.2% (w/v) or 0.2% / 1 .0% (w/v). The cell density of 
the cell culture at the end of biomass production in animal protein free medium 
comprising varying concentrations of soy hydrolysate, yeast hydrolysate or 
combinations thereof was calculated by methods A and B. 

[58] The results demonstrate that yeast and soy hydrolysate alone 
supported cell growth. At a concentration of 0.1% yeast hydrolysate a cell density of 
about 1 1 .8 x 10 5 cells/ ml was reached, however increasing concentration of yeast 
hydrolysate to higher than 0.3% (w/v) had a negative effect on cell growth and 
consequently on cell density. Concentrations of soy hydrolysate alone between 0.1% 
(w/v) to 0.2% (w/v) showed less cell growth and cell density than with soy 
concentrations of 0.3% (w/v) and 0.4% (w/v). Nevertheless, cell density and oxygen 
consumption of cells cultivated in medium comprising 0.3% (w/v) or 0.4% (w/v) soy 
hydrolysate did not differ significantly and higher concentrations to about 1% w/v of 
soy hydrolysate had no positive effect on cell growth. The optimal concentration of 
soy hydrolysate alone was determined to be between 0.2% w/v to 1 .0% w/v. By 
supplementation of the basal medium with a combination of soy hydrolysate and 
yeast hydrolysate the final cell density reached was significantly increased compared 
to a medium comprising solely soy or yeast hydrolysate. The cell density reached at 
a concentration of 0.05% (w/v) soy and 0.05% (w/v) yeast was about 12.1 x 10 5 cells 
/ml and had a higher cell culture cell density compared to cells grown in medium 
comprising solely either 0.1% (w/v) soy hydrolysate (10 x 10 5 cells/ml) or 0.1% (w/v) 
yeast hydrolysate (1 1 .8 x 10 5 cells/ml). The cell density of a cell culture grown in a 
medium comprising yeast with a concentration of 0.2% (w/v) and soy of 1 .0% (w/v) 
was similar to the density obtained in medium comprising 0.05% (w/v) soy and 
0.05% yeast (w/v). 
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[59] The most significant effect on cell growth was in medium wherein the 
soy hydrolysate concentration compared to yeast hydrolysate was about 2-3 times 
higher. Cells grown in a medium comprising soy hydrolysate at concentration of 
about 0.3% (w/v) and yeast hydrolysate of about 0.1% (w/v) reached a cells density 
of about 21 .0 x 10 5 cells /ml and showed therefore an approximately 2 times higher 
cell density compared to cells grown solely in soy hydrolysate of about 0.4% (w/v) 
and an about 2.5 times higher cells density compared to cells cultivated in medium 
comprising solely yeast hydrolysate of about 0.4 % (w/v). The metabolic activity of 
cells cultivated in medium comprising yeast and soy hydrolysate also was higher 
compared to cells grown in medium solely comprising yeast or soy hydrolysate. The 
oxygen consumption rate was 1.5 (% per min.) in a medium comprising 0.1 % (w/v) 
yeast hydrolysate and less than 1.0 (% per min.) in medium comprising 0.4% (w/v) 
yeast hydrolysate or soy hydrolysate alone. In a medium comprising 0.1% (w/v) 
yeast hydrolysate and 0.3% (w/v) soy hydrolysate the oxygen consumption was 
about 2.9 (% per min.), which was about 2 times higher than of cells cultivated in a 
medium comprising solely soy or yeast hydrolysate. 

[60] Additionally the cell cycle, which is 7 days in animal protein free 
medium supplemented with yeast or soy hydrolysate alone, is reduced to 6 days in 
the hydrolysate combination (soy and yeast) medium. 

EXAMPLE 3 

Propagation of recombinant cells 

[61] A cell culture of recombinant mammalian cells, such as rFVIII-CHO 
cells, are cultivated in a 10L stirred tank with perfusion. A medium in accordance 
with Example 1 is used as cultivation and growth medium. The cells are immobilized 
on a porous microcarrier (Cytopore®, Pharmacia) and cultivated for at least 6 weeks. 
The perfusion rate is 4 volume changes per day; the pH is 6.9 to 7.2; the 0 2 
concentration is approximately 20-50% and the temperature is 37°C. The cell density 
is determined. 

EXAMPLE 4 

Comparison f virus antig n production on VERO cells grown in medium 
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suppl ment d with yeast hydrolysate and soy hydrolysate 

a. Production of c II culture biomass 

[62] VERO cells with a defined passage number were thawed from liquid 
nitrogen and passaged in roux and roller bottles to produce sufficient cells to 
inoculate a 1 .5 liter bioreactor. Cells are either grown in basal medium supplemented 
either with yeast hydrolysate or with a combination of yeast hydrolysate and soy 
hydrolysate as described in Examples 1 and 2. After reaching confluency with a final 
cell density of 1 .5 x 10 6 cells / ml, the cells were released from the microcarrier with a 
purified fraction of Pronase, the S. griseus trypsin (SGT) as described in U.S. 
application serial no. 10/006,223 and transferred to a 10 liter bioreactor. This in turn 
was used as an inoculum for a 100 liter bioreactor having a microcarrier 
concentration of 3.0 g/l. Starting from a working cell bank ampoule containing 10 7 
cells, about 30 generations were needed to reach the final confluent VERO cell 
biomass in the last fermenter vessel. The cells were grown at 37°C. The culture 
conditions of oxygen saturation 20% +/- 10% and pH 7.1 +/- 0.35 were kept constant 
during virus propagation process. 

[63] Cells of the working cell bank of VERO cells were expanded in T-flasks 
and roller bottles with a split ratio of 1 :6. Further propagation of the cells was 
performed in 1 .5, 10 and a 50 I stirred fermenter as bioreactor using Cytodexl® 
microcarrier as attachment substrate. The cells were grown at 37°C. The culture 
conditions of oxygen saturation 20% +/- 10% and pH 7.1 +/- 0.35 were kept constant 
during virus propagation process. 

b. Propagation of Influenza Virus 

[64] VERO cells were infected with two different influenza strains, New 
Caledonia A/H1N1 and Panama A/H3N2, and propagated in the respective medium. 
At the end of the virus propagation process the clarified supernatant containing the 
virus was purified by ultracentrifugation. The harvests of the VERO cells culture with 
either solely yeast hydrolysate or with yeast and soy hydrolysate were compared on 
the basis of the volumetric antigen productivity (total SRD, single radial 
immunodiffusion) and the antigen content of the supernatant at the end of the run 
(density gradient purified antigen). The yields for both media formulations were 
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compared and are summarized in Table 1 . 



[65] Table 1. 

Comparison of product yield from VERO Influenza production in different 
media composition 





SRD 

(ug/ml) 


Protein 

(pg/ml) 


SRD/ 
Protein 


Dose / Liter 
(per strain) 


Strain 


New Caledonia A/H1N1 


1 g/L yeast hydrolysate 
+ 3 g/l soy hydrolysate 


130 


341 


0.38 


146 


1 g/L yeast hydrolysate 


51 


147 


0.35 


57 


Strain 


Panama A/H3N2 


1 g/L yeast hydrolysate 
+ 3 g/l soy hydrolysate 


130 


233 


0.56 


103 


1 g/L yeast hydrolysate 


44 


117 


0.38 


35 



The combination of yeast hydrolysate and soy hydrolysate shows a marked 
improvement over yeast hydrolysate alone. 



c. Production of Poxvirus 

[66] VERO cells were infected with a smallpox vaccine production strain 
(Dryvax, Wyeth Vaccines, obtained from Acambis, Inc., a calf-lymph vaccine strain 
adapted for growth in permanent cell line) adapted to growth in animal protein free 
VERO cells by serial passaging at a multiplicity of infection (m.o.i.) of 0.1 - 0.3. After 
an incubation time of 2-4 days at 37°C the cells were harvested and virus was 
recovered from the cells. 

[67] Table 2 shows the results of virus yield obtained of cells grown in basal 
medium supplemented with yeast hydrolysate alone or with yeast and soy 
hydrolysate. 
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[68] TABLE 2: 

Det rmination of Vaccinia virus titer at th ndofthepr duction cycl inth 
bioreactor system. 



Medium supplement 


moi 


Final Titer 
(pfu) 


Pfu/ Cell 


1 g/l yeast hydrolysate 


0.1 - 0.3 


1.42 x10 7 /ml 


14 


1 g/l yeast hydrolysate + 
3 g/l soy hydrolysate 


0.1-0.3 


16.00 x10 7 /ml 


69 



The combination of yeast hydrolysate and soy hydrolysate shows a marked 
improvement over yeast hydrolysate alone. 



d. Production of Ross River Virus 

[69] VERO cell culture obtained as described herein were infected with 
Ross River Virus at a multiplicity of infection (m.o.i.) of 0.1 - 0.3. After an incubation 
time of 2-4 days at 37°C, the cells were harvested and virus was recovered from the 
cells. Table 3 shows the results of virus yield obtained of cells grown in basal 
medium supplemented with yeast hydrolysate alone or with yeast and soy 
hydrolysate. 



[70] TABLE 3 

Determination of Ross River Virus titer at the end of the production cycle in 
the bioreactor system. 



Medium supplement 


Final Titer 
(pfu/ml) 


Relative Yield (%) 


1 g/l yeast hydrolysate 


1.5. x10 7 


100 


1 g/l yeast hydrolysate + 
3 g/l soy hydrolysate 


2.5 x 10 7 


167 
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The combination of yeast hydrolysate and soy hydrolysate shows a marked 
improvement over yeast hydrolysate alone. 

[71] It is to be understood that the description, specific examples and data, 
while indicating exemplary embodiments, are given by way of illustration and are not 
intended to limit the present invention. Various changes and modifications within the 
present invention will become apparent to the skilled artisan from the discussion, 
disclosure and data contained herein, and thus are considered part of the invention. 
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